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ABSTRACT
On-farm death (OFD) of a dairy cow is always a 
financial loss for a farmer, and potentially a welfare 
issue that has to be addressed within the dairy indus-
try. The aim of this study was to explore the associa-
tions between OFD of dairy cows, housing, and herd 
management in freestall barns. To achieve the goal, 
we followed 10,837 cows calving in 2011 in 82 herds. 
Data were gathered with observations and a structured 
interview during farm visits and from a national dairy 
herd improvement database. The hazard of OFD was 
modeled with a shared frailty survival model, with SAS 
9.3 PHREG procedure (SAS Institute Inc., Cary, NC). 
The study population was 58% Ayrshire and 42% Hol-
stein cows. The median herd size and mean milk yield 
in the study herds were 116 cows and 9,151 kg of milk 
per cow per year. The overall probability of OFD was 
6.0%; 1.8% of the cows died unassisted and 4.2% were 
euthanized. Variation in OFD percentage between indi-
vidual herds was large, from 0 to 16%, accounting for 
0 to 58% of all removals in the herds. Keeping close-up 
dry cows in their own group was associated with higher 
hazard of OFD [hazard ratio (HR) = 1.37] compared 
with keeping them in the same pen with far-off dry 
cows. Higher hazard on OFD was observed when barns 
had only one kind of calving pen; single (HR = 2.09) or 
group pens (HR = 1.72), compared with having both of 
those types. The hazard of OFD was lower if the whole 
herd was housed in barns or pens that had only 1 type 
of feed barrier at the feed bunk, namely post-and-rail 
(HR = 0.51) or a type with barriers between the cow’s 
heads (HR = 0.49), compared with having 2 types. 
Lower OFD hazard was observed with wider than 340 
cm of walking alley next to the feeding table (HR = 
0.75), and with housing a whole herd in pens with only 
1 type of walking alley surface, specifically slatted (HR 
= 0.53) or solid (HR = 0.48), compared with having 
both types. The hazard of OFD was higher with stalls 
wider than 120 cm (HR = 1.38) compared with nar-
rower stalls. The hazard of OFD was also associated 
with breed, parity, and calving season. This study iden-
tified many factors that contribute to the incidence of 
OFD of dairy cows. The solutions for reducing on-farm 
mortality include housing, management, and breeding 
choices that are most probably herd specific.
Key words: dairy cow, adult cattle mortality, death, 
euthanasia
INTRODUCTION
On-farm death (OFD) of a dairy cow is always a loss 
for a dairy producer. It occurs mostly in early lactation 
(Hertl et al., 2011; Alvåsen et al., 2014; Shahid et al., 
2015), leading to a markedly lower than potential profit 
for the cow. Often, veterinary and medicinal costs are 
incurred before death or euthanasia, the sale price of 
the carcass is lost, and the cadaver has to be destroyed, 
which all contribute to the total costs. In addition, a 
lactating replacement animal is usually not available 
immediately, and some of the production potential of 
the farm is lost. Many of the cows that die or need to be 
euthanized on farm would not have been yet culled vol-
untarily; therefore, the farmer loses some of the herd’s 
genetic potential.
Dairy herds are increasing in size as a reflection of 
the greater demands for efficiency. Intensification of 
production has been suggested to affect cow mortal-
ity (Nørgaard et al., 1999); it has been reported being 
higher in larger herds (Raboisson et al., 2011; Alvåsen 
et al., 2012, 2014) and in herds with a higher cow to 
employee ratio (McConnel et al., 2015). High on-farm 
mortality is an ethical issue of public concern and a 
potential indicator of poor cow welfare (de Vries et al., 
2011; Nielsen et al., 2014).
On-farm death has increased in many countries dur-
ing the last decades: from 2 to 3.5% in Denmark during 
1990 to 2001 (Thomsen et al., 2004), from 2 to 4.6% 
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during 1995 to 2005 in the United States (Miller et al., 
2008), and from 5.1 to 6.6 events per 100 cow-years 
in Sweden during 2002 to 2010 (Alvåsen et al., 2012). 
In Finland, at herd level, a median of 5% of the dairy 
cows died on farm in 2016. The percentage was slightly 
higher, 6%, for herds with 100 or more cows (Finnish 
DHI database). Other authors have reported similar 
mortalities, at 6.1% in Sweden (Alvåsen et al., 2014) 
and 6.8 in the United States (Shahid et al., 2015).
Previous studies have reported several cow- and 
herd-level risk factors (Alvåsen et al., 2012; Maia et al., 
2014; Shahid et al., 2015), seasonal effects (Stull et al., 
2008; Vitali et al., 2009, 2015), and diseases (McConnel 
et al., 2008; Alvåsen et al., 2014) associated with on-
farm mortality of dairy cows. Ten years ago, a review 
reported 19 studies on this topic (Thomsen and Houe, 
2006); however, we could not find any published studies 
that focused especially on the associations of housing 
on OFD. We hypothesized that management factors in 
freestall barns would have an effect on OFD. Therefore, 
the goal of our study was to identify those factors that 
are directly related to housing and have the potential 
to contribute to better cow survival.
MATERIALS AND METHODS
Sampling, Inclusion, and Exclusion Criteria
Study herds were selected from the herds in the Finn-
ish DHI database, operated by ProAgria Agricultural 
Data Processing Centre (http:// www .mloy .fi), previ-
ously described and used by other authors (Gröhn et 
al., 1984; Olsson et al., 2001; Kyntäjä and Niskanen, 
2007). All herds in the database with a mean herd size 
greater than 80 in 2010 (n = 184) were invited to par-
ticipate in the project.
A total of 82 herds volunteered and met the inclu-
sion criteria. The criteria were (1) using a conventional 
production system (not organic), (2) housing in an in-
sulated freestall barn at least for 2 yr before the time of 
the farm visit, and continuing to be housed there dur-
ing the survey, and (3) herds with an automatic milking 
system used at least 2 milking robots with a reasonable 
stocking capacity (at least 45 cows per robot in 2010).
The study herds were visited once between January 
and April in 2012. The herd owners were interviewed 
about the herd management with a predesigned ques-
tionnaire and barns and animals were observed by 1 of 
the 3 veterinarians that were equally trained for the 
visits, with oral and written instructions and 3 training 
herd visits. The cow-level data on breed, parity, calv-
ing date, milk yield, removal method, and reason were 
received from DHI database.
Statistical Analysis
Descriptive statistics were first calculated for the 
data. The percentages were calculated based on the to-
tal number of study cows 10,907. Cows of breeds other 
than Ayrshire or Holstein were then excluded (n = 69), 
and the hazard of OFD was statistically modeled with 
a survival model, where clustering of cows within herds 
was taken into account by animals in the same herd 
sharing a random, frailty effect. In the analysis, a total 
of 10,837 cows were followed for 305 d, starting from 
their first calving day of the year 2011.
A shared frailty survival model is an extension of the 
standard semiparametric Cox model. The model can be 
written as
 λ λ βt Z t ei j
XT ij( ) = ( )0 ,  
where λ β0j
Xt e
T
ij( )  is the same as the model for standard 
semiparametric Cox model [λ0j(t) are the baseline haz-
ard functions and β is a vector of fixed effect parameters 
to be estimated] and the frailties Zi are assumed to be 
identically and independently distributed random vari-
ables with a common density function (Wienke, 2011).
The study period was between January 1, 2011, and 
October 31, 2012. Only 1 lactation period per cow was 
included. The modeled outcome was time from calv-
ing until unassisted death or euthanasia on farm. The 
observations were censored if a cow left the herd for 
any other removal reason or if the study period ended 
before the outcome of interest occurred. Noncompleted 
lactations were also included, which is possible in using 
survival analysis.
The potential explanatory variables were grouped 
into cow-level characteristics and herd-level attributes 
or practices. The first step of the modeling process 
was univariable screening, and cow-level features were 
introduced into a model individually in addition to the 
herd frailty. Next, cow-level variables with P < 0.25 in 
the univariable models were added into a joint model, 
and variables with P > 0.1 were removed one by one 
from this model. The examined cow-level characteris-
tics were breed, animal born at farm or bought, age 
at arrival to herd, age at first calving, parity of the 
study lactation, calving season, and milk yield relative 
to time from calving.
The herd-level variables were then added individually 
to the model built during the previous step,. The herd-
level variables with P < 0.25 in univariable screening 
were then added in the model jointly and the model 
was again reduced until all variables were statistically 
significant (P ≤ 0.05).
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Altogether, 8 cow-level and 39 herd-level housing 
and management attributes were studied (Supplemen-
tal Tables S1–S3; https:// doi .org/ 10 .3168/ jds .2017 
-13420). Potential collinearity between the variables 
was examined by visual examination of frequency tables 
and with 2-way chi-squared tests with no indications of 
collinearity.
The associations between OFD and herd size, stock-
ing density, square meters per lactating cow in a pen, 
type of ventilation, milking and feeding systems in use, 
feeding space per cow and feed rack type, the proper-
ties of walking and lying surfaces, access to pasture or 
outdoor exercise area, and the time that the cows had 
been in the barns were explored. Likewise, associations 
between OFD and grouping strategies of pregnant heif-
ers, dry cows, and lactating cows in the barn, calving 
pen type, time of moving the cow into a calving pen 
before calving, time spent in the calving pen, and the 
change in the walking and lying area properties when a 
heifer moves from its initial group to a group of lactat-
ing cows were studied.
After finding the model with main effects, all mean-
ingful interactions were tested in the model. Because 
diseases usually precede OFD, but often act as inter-
vening variables between the effects of management 
and housing and OFD (Dohoo et al., 2009), they were 
not included in the model (the descriptive analysis and 
associations between OFD and of the most important 
diseases will be published separately). The statistical 
models described above were fitted using the PHREG 
procedure of SAS 9.3 (SAS Institute Inc., Cary, NC). 
Gamma distribution was used for the frailties. The as-
sumptions of the model include the proportional haz-
ards assumption and the assumption of linearity for 
continuous explanatory variables. These assumptions 
were examined using graphs and tests obtained from 
the PHREG procedure. Univariate survival plots were 
also plotted using the LIFETEST procedure in SAS.
RESULTS
Cow and Herd Properties
Of the cows of the study herds, 58% (n = 6,303) were 
Ayrshire and 42% (n = 4,535) were Holstein; less than 
1% (n = 69) were other breeds (mostly Finn cattle). 
All parities were equally represented in the herds; 3,789 
first, 3,174 second, and 3,874 of parity >2 cows (mean 
=2.28, SD = 1.33; range = 1 to 12, median = 2, data on 
parity was missing for 1 cow). The cows calved evenly 
throughout the year, with 3,471 calvings (32%) from 
January to April, 3,696 (34%) from May to August, 
and 3,740 (34%) from September to December.
The median herd size on the day of the herd visit 
was 116 cows (range = 73 to 326), and mean milk yield 
9,151 kg (SD = 870) per cow per year. Most study 
herds (n = 79; 96%) had both Ayrshire and Holstein 
cows; only 3 herds had just 1 breed. Of the facilities in 
use, 24 (29%) were relatively new and had been in use 
for 2 to 4 yr. Eleven barns (13%) had been in use for 4 
to 10 yr, 30 (37%) for more than 10 yr, and 17 (21%) 
had undergone multiple expansions. Most barns (n = 
48; 59%) had natural ventilation, 38% (n = 31) had me-
chanical ventilation, and 3 herds (4%) had both types 
of ventilation systems in use. The majority of the herds 
(n = 50; 61%) were milked in a conventional milking 
parlor and the rest of the farms (n = 32; 39%) had an 
automatic milking system. The stocking density was on 
average 95% (SD = 11) in the groups of lactating cows.
The Incidence of OFD and Reported Reasons
In total, 22.8% (n = 2,469) of the study cows left the 
herd within 305 d after calving, and OFD (n = 648) ac-
counted for 26.2% of all removals. The overall incidence 
of a cow experiencing OFD was 6.0%, with 3.4, 4.5, and 
9.6% for parity 1, 2, and 3+ cows, respectively. A total 
of 1.8% (n = 195) of the cows died unassisted and 4.2% 
(n = 453) were euthanized. The rest of the culled cows 
(n = 1,821) were sent to a slaughterhouse.
The median time from calving to OFD was 34 d 
(ranged = 0 to 305), at 44, 46, and 26 d for parity 1, 2, 
and 3+ cows, respectively. Most cows that died on farm 
did so within the very first DIM, with cumulative per-
centages being 10.2% by d 2, 28.1% by d 10, 48.2% by 
d 30, and 63.0% by d 60. Death on farm was the most 
common type of removal in early lactation (Figure 1), 
accounting for 90.4% of the removals from the herd 
during the first 2 d, 70.0% for the first 10 d, and 55.7% 
for the first 30 d postpartum.
Large variation existed in the percentages of OFD 
between individual herds (Figure 2), ranging from 0.0 
to 15.7% (median = 5.9%). At herd level, OFD ac-
counted for 0.0 to 57.9% (median = 24.9%) of all the 
removals during the 305 d following parturition. The 
overall culling percentage in the herds varied from 11.6 
to 51.6% (median = 31.8).
The most frequently reported reasons by farmers for 
OFD were feet and claw disorders (n = 81; 13%), mas-
titis (n = 77; 12%), gastrointestinal disease (n = 75; 
12%), accident (n = 73; 11%), milk fever (n = 54; 8%), 
and calving difficulty (n = 41; 6%), illustrated by par-
ity and type of death in Figure 3. The codes unknown, 
other disease, and other reason accounted for 34% of 
the reported reasons (n = 219).
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Associations of Housing and Management Practices 
on the Hazard of OFD
The hazard of OFD was significantly higher if the 
close-up dry cows were kept in their own group com-
pared with keeping them with other dry cows. Hav-
ing both group and single calving pens in a barn was 
beneficial compared with having only 1 of the 2 types 
of pens (Table 1).
Feed barrier type was significantly associated with 
OFD. The hazard of OFD was lower if the herd was 
housed in barns or pens with a single type for the whole 
herd, compared with having 2 types of feed barriers. 
The OFD hazard was lower if the width of the walking 
alley next to the feed rack was wider and if the whole 
herd was housed in barns and pens with only 1 type of 
walking alley surface, slatted or solid, compared with 
having 2 types floors. The odds of OFD were higher if 
the width of the stalls for lactating cows was 120 cm or 
wider compared with narrower stalls.
Breed, parity, and calving season were significant 
cow-level variables in the model. Holstein cows had a 
greater hazard of dying on farm than Ayrshire cows, 
and the hazard increased with parity. Calving between 
September to December decreased the hazard of OFD 
compared with other calving seasons.
DISCUSSION
Incidence and Reasons for OFD
On-farm mortality leads to suffering of the cows, to 
involuntary and too early removal of the cow from a 
herd, and to financial losses for dairy producers; thus, 
it should be kept low, ideally below 3 to 5%. However, 
OFD is a common reason for a dairy cow to leave a 
herd. On average, every fourth culled cow was removed 
this way in the study population. Therefore, it is quite 
surprising that only a few published scientific papers 
specifically describe the associations between OFD and 
housing.
The overall probability of OFD in our study was 
quite similar to recent Swedish and US studies (Alvåsen 
et al., 2014; Shahid et al., 2015). It would not be mean-
ingful to compare the incidence of OFD to much older 
studies, because mortality seems to have increased dur-
ing the last decades (Thomsen et al., 2004; Miller et al., 
2008; Alvåsen et al., 2012).
The large between-herd variation in the OFD of 
dairy cows is partly due to differences in the risk factors 
for diseases and accidents, and probably partly due to 
different attitudes, beliefs, and skills of the producers 
on solving herd problems (Vaarst and Sørensen, 2009). 
Some producers treat sick cows more intensively and try 
to keep as many cows as possible live to be slaughtered 
after being ill, whereas others may find euthanasia a 
more humane or easier option.
Death, in general, and dying unassisted especially, 
causes suffering for a cow (Nielsen et al., 2014). Of the 
cows that died on farm in our study population, 70% 
were euthanized and 30% died unassisted. This differed 
from the findings of an earlier Danish and a recent Ital-
ian study, where 55 or 58% were euthanized and 45 or 
42% of the cows died unassisted, respectively (Thomsen 
et al., 2004; Fusi et al., 2017).
Figure 1. The number of culled cows per days from calving and the means of their removal from the herd. The total number of the study 
cows is 10,837; only the first 60 d are shown in the figure.
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Figure 2. Herd-level incidence of on-farm deaths in the study herds. Cows that calved in 2011 are included.
Figure 3. The most frequently reported reasons of death of the study cows by parity and the means of death. 1 = calving difficulty; 2 = milk 
fever; 3 = alimentary tract disease; 4 = mastitis; 5 = foot or claw disease; 6 = accident.
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Accidents, calving difficulties, and feet and claw 
diseases dominated the reported reasons for OFD of 
first-parity cows in our study. Milk fever, mastitis, and 
foot and claw diseases were the most often reported 
reasons for OFD for parity 3+ cows in our data. Even 
though lameness is not any bigger problem in Finland 
compared with other countries (Espejo et al., 2006; 
Dippel et al., 2009; Sarjokari et al., 2013), foot and 
claw diseases were the most frequently reported rea-
son for OFD. This is most possibly because in Finland 
(within EU) it is not legal to send severely lame cow 
to a slaughterhouse. Therefore, very severe cases of, for 
example, interdigital phlegmon, digital dermatitis, and 
joint infections lead to euthanasia on farm.
The recorded reasons for death or euthanasia are usu-
ally based on a clinical diagnosis and reasoning made 
on farm by a vet or a farmer; the conclusion made is of-
ten not in agreement with necropsy findings (McConnel 
et al., 2009; Pinedo et al., 2010; Thomsen et al., 2012). 
Despite that, we should not overlook the potential use-
fulness of the records as an aid for risk factor analysis 
and making strategies for reducing OFD, because the 
most commonly reported distinct reasons, such as ac-
cidents, calving difficulties, milk fever, mastitis, and 
feet and claw diseases, are relatively easy to diagnose. 
They also are very frequently reported reasons for OFD 
by other authors as well (Thomsen et al., 2004, 2012; 
Alvåsen et al., 2014; Fusi et al., 2017).
Dry Cow Management and Calving Pens
In the current study, keeping the close-up cows in the 
same pen with far-off dry cows, or even with lactat-
ing cows, was associated with lower hazard of OFD 
compared with keeping them in their own group before 
calving. Having 2 groups would lead to more group 
changes, and regrouping is physically and socially 
stressful for a cow, especially for subordinate individu-
als. Regrouping increases agonistic interactions (Kondo 
and Hurnik, 1990; Schirmann et al., 2011) and causes 
a drop in DMI and rumination time in prefresh period 
(Schirmann et al., 2011), predisposing cows to sub-
clinical and clinical metabolic diseases, which further 
predispose to alimentary or infectious diseases such 
as displaced abomasum and metritis, and to culling 
or death within the first 30 DIM (reviewed by Ospina 
Table 1. The associations of the statistically significant factors on the hazard of on-farm death of 10,837 cows in 82 herds (distribution of cow- 
and herd-level observations between the groups in parentheses)
Parameter  Group HR1 95% CI P-value2
Grouping of the close-up dry cows With other dry cows (31 herds: 4,118 cows) Reference   <0.01
In their own group (20 herds: 2,746 cows) 1.37 1.06–1.76 <0.01
  In a group calving pen (14 herds: 1,908 cows) 1.28 0.99–1.65 0.06
  With lactating cows (17 herds: 2,065 cows) 0.78 0.61–0.99 0.04
Type of the calving pen Both group and single pens (4 herds: 581 cows) Reference <0.01
Group pens only (48 herds: 6,478 cows) 1.72 1.09–2.69 0.02
  Single pens only (26 herds: 3,140 cows) 2.09 1.32–3.31 <0.01
  No calving pens (4 herds: 638 cows) 1.50 0.82–2.74 0.20
Type of the feed barrier Both two types (6 herds: 897 cows) Reference <0.001
Post-and-rail (60 herds: 7,904 cows) 0.51 0.36–0.71 <0.0001
  Barriers between cows (16 herds: 2,036 cows) 0.49 0.35–0.70 <0.0001
Width of the walking alley next 
 to the feed bunk3
<340 cm (32 herds: 4,074 cows) Reference <0.01
340–370 cm (24 herds: 2,825 cows) 0.71 0.57–0.88 <0.0001
>370 cm (26 herds: 3,938 cows) 0.75 0.61–0.92 <0.01
Type of the walking alley surface Both solid and slatted floors (3 herds: 341 cows) Reference <0.01
Solid concrete floors only (35 herds: 4,359 cows) 0.48 0.33–0.71 <0.001
  Slatted concrete floors only (44 herds: 6,137 cows) 0.53 0.36–0.78 <0.01
Width of the stalls3 <120 cm (24 herds: 3,344 cows) Reference <0.01
  120 cm (39 herds: 4,888 cows) 1.38 1.11–1.72 <0.01
  >120 cm (19 herds: 2,605 cows) 1.51 1.17–1.94 <0.01
Breed Ayrshire (6,303 cows) Reference <0.001
  Holstein (4,534 cows) 1.34 1.14–1.57 <0.001
Parity 1st (3,789 cows) Reference <0.0001
  2nd (3,174 cows) 1.37 1.08–1.75 <0.01
  3+ (3,874 cows) 3.30 2.70–4.04 <0.0001
Calving season September–December (3,711 cows) Reference 0.03
  January–April (3,447 cows) 1.25 1.04–1.52 0.02
  May–August (3,679 cows) 1.25 1.03–1.52 0.02
1Hazard ratio.
2P-values of comparisons of the group with the baseline group. The bold P-values represent the significance for the entire variable.
3Mean of different pens, weighted by the number of cows in the pen.
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et al., 2013). In addition, regrouping led to prolonged 
standing and shortened resting times predisposing to 
lameness (reviewed by Cook and Nordlund, 2004).
In the present study, having both group and single 
calving pens for a herd was associated with lower 
hazard of OFD compared with having only 1 type of 
pens. This could be explained by a better opportunity 
to manage and monitor the calvings in a herd and by 
offering a cow a peaceful calving environment. Cows 
have been shown to seek isolation at calving (Proudfoot 
et al., 2014), and correct timing when moving the cow 
to a calving pen enhances calving ease (Proudfoot et 
al., 2013). Early signs of dystocia can be noticed even 
24 h before calving (Proudfoot et al., 2009a), and close 
monitoring over calvings and assisting cows that need 
help can reduce OFD due to calving problems. Like-
wise, the attitude and skills of the farmer may have an 
effect on intensity of observing calvings and on choos-
ing calving pen types.
Feed Bunk, Walking Alleys, and Stalls
Most agonistic behavior takes place at the feed bunk 
(Miller and Woodgush, 1991). Competition at the feed 
bunk is especially problematic for subordinate cows, 
leading to displacements, prolonged standing times on 
walking alleys, less possibilities for eating during the 
most popular eating times (Olofsson, 1999; DeVries et 
al., 2004; Huzzey et al., 2006; Proudfoot et al., 2009b), 
and potentially to eating a somewhat different ratio, 
leftover from dominant cows (DeVries et al., 2005). 
Therefore, restlessness at the feed bunk can predispose 
cows to metabolic and claw diseases.
In our study, the hazard of OFD was significantly 
lower with a feed bunk with 1 type of feed barrier. 
Having both post-and-rails and some types of barri-
ers between the cow’s heads doubled the hazard of 
OFD. Previous studies have reported increased feed-
ing activity, less agonistic behaviors, and less lameness 
with headlocks at the feed bunk (Huzzey et al., 2006; 
DeVries and von Keyserlingk, 2006; Sarjokari et al., 
2013) or with more feeding space (DeVries et al., 2004; 
Huzzey et al., 2006).
Having 2 types of feed barrier designs may lead to 
longer standing times at the bunk or to lower DMI. 
Cows need time to learn to use headlocks (reviewed 
by Cook and Nordlund, 2004), or they may favor post-
and-rail if there are 2 types of barriers in the same pen 
(Huzzey et al., 2006).
Having 2 different types of walking alley surfaces in 
pens for lactating cows doubled the hazard of OFD in 
the current study. As one of the floor types is often 
more slippery than the other (Sarjokari et al., 2013), 
and the cows do not always notice moving from one 
to another, 2 types probably increase claw trauma and 
other accidents. Similarly, cows have shown to change 
their gait on different floors, walking slower and with 
shorter steps on slats (Telezhenko and Bergsten, 2005). 
This finding might also be related to inadequate light-
ning.
The hazard of OFD was lower in our study when 
the width of the walking alley next to the feed rack 
was wider than 340 cm. This finding can be explained 
by reduced competition over feed and water (Kondo et 
al., 1989; Miller and Woodgush, 1991), increased daily 
lying time (Solano et al., 2016), and reduced risk for 
lameness (Sarjokari et al., 2013).
In the current study, the hazard of OFD was smaller 
if the width of the stalls for cows was less than 120 
cm compared with wider stalls. This finding should be 
interpreted with caution, as stall adjustment includes 
many measures that interact with each other in a com-
plex way (e.g., stall length and width, placement of 
post and neck rails, and brisket board). Sarjokari et 
al. (2013) pointed out that many farmers adjust neck 
and front rails incorrectly, and improper stall design 
has been shown to reduce resting and increase standing 
times and to predispose cows to lameness (reviewed by 
Cook and Nordlund, 2009).
In the current study herds, cows of different sizes 
were housed in same pens; usually both Ayrshires and 
Holsteins and first and higher parities. Therefore, it 
can be assumed that compromises in the adjustment 
of stalls occurred. Too wide of a stall in relation to the 
size of a cow, especially if combined with too short of 
a stall or improper adjustment of a brisket board or 
a neck rail can lead to diagonal standing and lying in 
stalls (reviewed by Cook and Nordlund, 2004). This, in 
turn, results in dirty cows and hock lesions which may 
increase the risk for mastitis and joint infections.
Breed and Parity
Holsteins’ hazard of OFD was greater than Ayrshires 
in our study. Higher mortality of Holstein cows, com-
pared with other breeds has also been observed in other 
studies (Alvåsen et al., 2012; Maia et al., 2014; Shahid 
et al., 2015). Part of this phenomenon might be due 
to genetics (Miller et al., 2008; Dechow et al., 2012; 
Maia et al., 2014) or due to usually higher milk yield 
of Holstein cows. Another possible explanation is that 
Holsteins are generally bigger and heavier than many 
other dairy breeds, therefore suffering more easily from 
suboptimal freestall environments (e.g., too short, 
narrow, or incorrectly adjusted stalls; predisposing for 
example to claw diseases), especially in herds with 2 or 
more breeds. This reasoning is supported by Alvåsen 
et al. (2014), who observed higher odds for mortality 
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in herds with mixed breeds. The hazard of OFD being 
greater for higher parities in the present study popula-
tion was in agreement with earlier studies (Thomsen et 
al., 2004; McConnel et al., 2009; Alvåsen et al., 2014).
Calving Season
Calving in September to December was associated 
with a lower hazard of OFD compared with calving in 
January to August in our study. In 2011 in Finland, the 
winter was very cold, with unusually large and quick 
temperature changes, and the summer was exception-
ally warm with long heat waves (http:// blogi .foreca .fi/ 
2012/ 01/ saavuosi -2011/ ); these weather changes may 
have affected the cows. The relationship between cow 
mortality and daily temperature has shown to be U-
shaped (Stull et al., 2008), and the effect of weather 
conditions on mortality has been shown to depend on 
temperature, humidity, duration and time of the heat 
wave, and on age of the cows (Vitali et al., 2009, 2015). 
Improper cooling or excess moisture can predispose 
cows to infectious diseases and trigger disease severity, 
potentially increasing the likelihood of OFD (Hahn, 
1999; Silanikove, 2000; Kadzere et al., 2002).
The seasonality of OFD in our study was in agree-
ment with some other authors (Miller et al., 2008; 
Pinedo et al., 2010; Raboisson et al., 2011; Alvåsen 
et al., 2012). Hertl et al. (2011) reported no effect of 
season among parity 1 cows, but higher likelihood for 
multiparous cows to die in spring and summer. Alvåsen 
et al. (2014) reported higher hazard for OFD for cows 
that calved during January to April compared with 
other seasons. Possible reasons for deviant findings are 
different definitions for seasons (e.g., Vitali et al., 2009; 
Alvåsen et al., 2014) and changes in the weather condi-
tions between different study years and countries.
Limitations of the Study
The results of our study can be extrapolated only to 
herds housed in freestall bars with cubicles and with 
relatively similar herd sizes, breeds, and milk yields. 
The study period was relatively short, and we probably 
could have gained more information by adding several 
study years. However, in the final model we found 
many significant variables associated with OFD with 
no collinearity between them. This being so, our study 
increased our knowledge on OFD of dairy cows.
CONCLUSIONS
This study identified animal- and housing-related 
factors that contributed to the incidence of on-farm 
deaths of dairy cows in freestall barns. Avoiding un-
necessary group changes during the dry period and 
eliminating unnecessary variations in barn facilities in 
lactating cow pens seem potential options for reducing 
OFD. In addition, having both group and single calving 
pens, providing enough space at the walking alleys, and 
offering cows a feed bunk with barriers between cow 
heads may help improving cow survival and longevity.
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